Summary:
The 
Introduction
It has been suggested that microtubules in hepatocytes are involved in the secretion of very low density lipoproteins (VL-DL) (Marchan et al. 1975; Reaven and Reaven,1980) and other secrotory proteins (Marchan et al, 1975; Maurice et al. 1980) into sinusoidal lumen, in the excretion of bile constituents into the bile canaliculus (Dubin et al. 1980; Gregory et al. 1978) , and in the translocation of lysosomes (Mori et al. 1980) . Thus microtubules appear to play an important role in hepatocytes.
Since Weber et al. (1975) al. 1983). In this paper, the distribution of microtubules in cultured hepatocytes from rats were observed and the changes induced by colchicine or cold treatment were determined with indirect immunof luorescence microscopy. Furthermore, the chronological changes of the hepatocytes cultured in the presence of colchicine and in a control medium were observed from the beginning of cultivation, and the two groups were compared in detail.
Materials
and Methods
Preparation of tubuli n.
Microtubules were prepared from fresh pig brain by two cycles of polymerization and depolymerization, according to the prosedure of Shelanski et al. (1973) . Electron microscopy revealed that the prepared microtubules were identical with those previously described. The twice repolymerized tubulin was resuspended and applied to a phosphocellulose column for the separation of microtubule-associated proteins from tubulin, as described by Weingarten et al. (1975) . The purity of the tubulin eluted from a phosphocellulose column was determined by SDS-polyacrylamide gel electrophoresis and only one monomer band was obtained. The molecular weight of the tubulin was determined to be approximately 55,000 daltons.
Preparation of antiserum
Pure tubulin was mixed with an equal volume of Freund's complete ad juvant and the mixture was homogenized. The rabbits were immunized by injecting 3 to 4 mg of tubulin protein into the footpads. This was followed by two booster injections of 2 to 3 mg each at 10-day intervals. The rabbits were bled by cardiac puncture one week after the last injection, according to the procedure of Fuller et al. (1975) were embedded in a drop of PBS-glycerol (1:9) and observed with an ultraviolet microscope.
As controls, the following were used instead of the first antiserum:(a) preimmune serum, (b) antiserum absorbed with excess tubulin and (c) only the second antiserum.
Specific fluorescence was not observed in the controls.
Results

Non-treated group
Immediately after isolation, the hepatocytes were small in size and spherical in shape.
These hepatocytes produced an amorphous fluorescence and no visible filamemtous fluorescence in their cytoplasm ( Fig. 1) .
Hepatocytes cultured for 1 hour were slightly larger in diameter than the freshly isolated hepatocytes.
During this time, they appeared to begin to become attached expanded cytoplasmic areas with very conspicuous fibrous microtubules extending in the derection of the spreading (Fig. 3) . The intercellular adhesion of hepatocytes may have reduced the number of microtubules with fibrous fluorescence because spreading and flattening of the hepatocytes was reduced. Therefore, the isolated hepatocytes were cultured at a concentration of 104cells/0.2 ml/cm2. When hepatocytes were cultured for 48 hours at this cell concentration, the cells were fully spread and individual microtubules were observed clearly (Fig. 4,5 ). Microtubules were distributed in reticular pattern around the nucleus and extended in fibrous pattern toward the cell periphery (Fig. 4,5) .
It was characteristic of microtubules with a fibrous pattern in the cell periphery to extend in the direction of the spreading of the cytoplasm (Fig. 4,5) .
Moreover, a starlike fluorescence from which microtubules appeared to radiate was seen in the perinuclear area of some hepatocytes (Fig. 6 ). This structure seemed to be a microtubule- cytes cultured for 48 hours. In addition, some of the hepatocytes cultured for 24 hours were free of microtubules in the cell periphery (Fig.7) . Hepatocytes cultured in the presence of colchicine were similar to freshly isolated hepatocytes in shape, size and fluorescent pattern for 6 hours. After 24 hours or 48 hours, the hepatocytes in colchicine increased in size and were changed in shape. Nevertheless, microtubules were not seen in the cytoplasm (Fig. 8) .
Many hepatocytes cultured in colchicine were detached from the surface of the substratum.
The viability of the detached cells was determined by trypan blue exclusion to be approximately 50 %. On the other hand, attached cells in this group had the same viability as attached cells in the untreated group.
When hepatocytes were subjected to a medium with colchicine for 3 hours after a 48 hour-incubation in colchicine-free medium, clear filamentous fluorescence of microtubules was hardly observable and only faint and amorphous fluorescence was seen in the cytoplasm (Fig. 9 ). This faint fluorescence was not present in the periphery of the spreading cytoplasm (Fig.  9 ). Hepatocytes were neither detached nor In the hepatocytes cultured for 48 hours, microtubules were distributed in a reticular pattern around the nucleus and i a Iibrous pattern in the cell periphery.
Microtubules in the cell peripery extend only in the direction of the spreading. This finding suggests that microtubules confer a direction on the spreading of the cytoplasm. However, some of heptocytes cultured for 24 hours were still free of microtubules in the cell periphery. In addition , hepatocytes cultured in a medium with colchicine for 24 or 48 hours spread even though there were no microtubules.
Osborn and Weber (Osborn and Weber, 1976) have suggested that microtubules stretch the cytoplasm because they appear perpendicular to the plasma membrane and seem to be in intimate contact with it. Yet the existence of occasional cells with processes that are devoid of microtubules favours a possibility that the microtubules follow changes in cell shape. Our results also indicate that microtubules are formed secondarily after the spreading of the cytoplasm.
When hepatocytes were cultured at a concentration of 105cells/0.2 ml/cm, most cells formed intercellular adhesions and individual microtubu les were not readily observed. In these cells, microtubules had a reticular pattern of distribution.
In the cytoplasm of a few hepatocytes without intercellular adhesions, however, individual microtubules were observed in a fibrous pattern in the direction of the spreading. These findings indicate that the hepatocytes could neither spread nor flatten once an intercellular adhesion was formed and that individual microtubules could not be obseved unless the cells were fully spread and flattened. Therefore, isolated hepatocytes were cultured at a concentration of 104cells/o. 2 ml/cm2. These hepatocytes became fully spread after a 48 hour-cultivation. The distribution of individual microtubules and a structure which appeared to II. Colchici ne and cold-treated groups When hepatocytes were cultured for 48 hours in a control medium and then exposed to chochicine or cold temperature, the reticular and fibrous fluorescence in the cytoplasm disappeared.
Only a weak, diffuse and amorphous fluorescence was observed in the cytoplasm. This probably occurs because the microtubules were depolymerized by the treatment with colchicine or cold temperaure.
A star-like fluorescence was detected at the preinuclear area of the hepatocytes after treatment with cold temperature. It is known that microtubules usually develope from structures called microtubule-organizing centers which includes centrioles, basal bodies and kinetochores of metaphase chromosomes (Brinkley et al. 1981) . Osborn and Weber (1976) have described such a structure that is located at the edge of the nucleus in interphase mouse 3T3 cells. It is preserved after treatments that depolymerize cytoplasmic microtubules, i. e. exposure of cells to mitotic drugs or to low temperature by immunofluorescence microscopy. A star-like fluorescence observed in the present study appears to be a microtubule-organizing center because it was located at the peeinuclear area, had a star-like shape and was stable at low temperatures.
This star-like structure seems to be identical with the structure from which microtubules appear to radiate in hepatocytes cultured in a non-treated medium. These findings suggest that microtubules are organized from centrioles which are also in the hepatocytes. Why the starlike structure was not detected in hepatocytes treated with cholchicine is unclear.
Hepatocytes cultured in a colchicine medium were as small in diameter as hepatocytes immediately after isolation to 6 hours of cultivation. This finding indicates that the spreading of cells was inhibited by colchicine. In addition, many hepatocytes cultured in a colchicine medium were detached from the substratum.
This indicates that the attachment of cells to the substratum was impaired by colchicine. The detachment of cells from the substratum must have resulted from causes other than cell necrosis, because the viability of the detached cells was approximately 50 % . The viability of the detached cells might be higher if the viability was measured immediately after the detachment.
Microtubules were not seen in hepatocytes cultured in the presence of colchicine.
These results suggest that microtubules are involved in the spreading and the attachment of cells on the substrastum. However, it is known that colchicine binds to the membrane fraction (Langnado et al. 1971 ) and it has also been reported that brain and thyroid membrane preparations contain firmly bound tubulin or similar protein (Bhattacharyya and Wolff, 1975) . Moreover, colchicine treatment offects rat liver plasma membrane-bound enzymes (Leoni et al. 1980 ). Thus, it is possible that the membrane was impaired by the colchicine binding and consequently the spreading and attachment of the cells were inhibited.
Microtubules do not appear to be involved in the spreading of cells (Dipasquale, 1975; Kaiho, 1980) and microf ilaments are probably essential for the spreading of cells (Kaiho and Misu, 1980) . In the present study, hepatocytes cultured for 24 or 48 hours in the presence of colchicine were able to spread in spite of the absence of microtubules. This result indicates that the cells can spraed without participation of microtubules. Thus it is probable that the growth of microtubules occurs after the spreading of cells.
Hepatocytes cultured for 48 hours in the control medium did not become detached or shrunken even when treated with colchicine or low temperature.
These results indicate that microtubules are not involved in the maintenance of attachment or spreading.
Actually, microfilamets in bundle form may provide a structural rigidity for the peripheral cytoplasm by reinforcing and connecting the attachment points Ka ho and Misu, 1980) .
